R
everse total shoulder arthroplasty (RTSA) has proven to be a reliable treatment option for many shoulder problems that previously did not have good solutions. The Food and Drug Administration approved RTSA for treating rotator cuff tear arthropathy, but the procedure also has utility when used off-label for any shoulder conditions where rotator dysfunction or bone loss of the glenoid may be present. These conditions include rheumatoid arthritis, osteoarthritic shoulders with rotator cuff tears, malunited fractures, glenoid dysplasias, head-splitting proximal humerus fractures, dislocation arthropathy, and arthroplasty which develop rotator cuff pathology leading to pain, loss of motion, and implant loosening [4] .
Although patients who undergo RTSA generally are satisfied with their pain relief, increased ROM, and improved function, complications are quite common, occurring in 19% to 68% of patients who undergo the procedure [1, 11] . The most common complications are notching (5% to 96%), dislocation of the prosthesis (2% to 31%), nerve injury (0% to 8%), baseplate loosening (0% to 11%) infection (1% to 10%), fracture (0% to 1%), and component disassociation (0% to 2%) [1, 11] . One of the most difficult complications to treat from this list is instability of the shoulder components, which can take the form of subluxations that spontaneously reduce or dislocations that require a general anesthetic for reduction.
Reverse total shoulder arthroplasty dislocations result in pain and loss of function, but 62% can be successfully treated with immobilization alone [10] . For the others, revision is an option, but revision exposes the patient to the risks of infection, stiffness, and decreased function [5] . Recurrent dislocation of RTSA can be a difficult and devastating complication.
Although RTSA has been largely successful for most patients, there are patients who still have shoulder pain for which an etiology cannot be ascertained despite extensive evaluations for infection, loosening, stress fractures, nerve injury, and component loosening. Patients may also describe minor but aggravating complications like popping and crepitus.
In the current study, Tashjian and colleagues [9] report on patients who have undergone RTSA but continue to feel that the shoulder is unstable or loose. Patients describe the shoulder as clicking, sliding, or "as if the shoulder might come out of the socket" when picking up objects away from their bodies. This complaint is not uncommon; the authors of this study note that 13% of their patients had some sense of instability [9] .
The risk factors for prosthetic instability in RTSA have been shown to be related to prosthetic design and revision surgery. The Grammont type of prosthesis may be at greater risk for instability than later designs that have a more-lateral center of rotation and a lower head-neck angle of 135° [3] . Revision surgery from an anatomic total shoulder arthroplasty to a RTSA has been shown to be a risk factor for subsequent component instability [8] .
Superior inclination of the prosthesis is one factor that has been implicated in baseplate loosening and inferior glenoid notching [2, 6, 7] . The stress on the baseplate interface to the glenoid is higher with superior inclination of the baseplate [2] . Similarly, a superior inclination may lead to an increase of and severity of glenoid notching [7] . Although not firmly established, there continues to be concern that glenoid notching may contribute over the long-term to loosening of the baseplate and eventual replacement failure in which the baseplate becomes detached from the glenoid.
Where Do We Need to Go?
The current study serves as a reminder that we still have much to learn about the kinematics and kinetics of RTSA. One of the major challenges is determining the cause of aggravating but not-catastrophic concerns like anterior shoulder pain, posterior shoulder pain, proximal humerus pain, or crepitus with motion. As a first step, we should rule out obvious etiologies for these issues, such as septic or aseptic loosening of the implants. Absent those, we need to explore other diagnoses like impingement, capsular tightness, or abutment of the greater tuberosity on the acromion or superior aspect of the glenoid prosthesis. Although the answers may be hard to find, we should not ignore these complications, because they may represent slowly progressing processes that may become apparent-and perhaps more troublesome-later on.
After ruling out the obvious causes of symptomatic looseness felt by the patient, the treating physician should determine under what conditions the sense of instability occurs. Although the authors found differences in inclination and change in beta angle between those with any form of instability, the differences may not be substantial. We need to reliably correlate the radiographic measurements with true instability patterns, but is the ASES score the most accurate and reliable score available?
How Do We Get There?
As with any new observation, the treating physician must determine whether the patient's descriptions of shoulder subluxation or looseness are reproducible and represent true episodes of instability. Further study of these patients using fluoroscopy in three planes might help determine what is causing the symptoms by examining the bone and implant relationships during motion. Studying larger cohorts of patients with a wider variety of RTSA implant systems in which there are varying glenoid sphere designs would also be beneficial.
Computer modeling, in which the virtual implant is placed on a CT scan image of the glenoid and the orientation of the RTSA components can be varied, could predetermine the best implant position to maximize ROM, as well as potentially decrease impingement. As that technology becomes more readily available, it should be possible to create jigs that would place the central pin for reaming in the best angle and at the ideal location. The reamer could have a block on it to ream at a fixed depth so that the baseplate position prevents subluxation or impingement. Computer modeling of the RTSA implants would inform the physician, when the patient puts the arm in a given position, whether the implants would impinge on surrounding bony structures. The modeling would create jigs to be used at the time of surgery to place the components in the positions that maximize movement and prevent impingement. Ideally, the modeling could similarly allow the surgeon to determine whether the RTSA components are too loose or whether they are being levered off against other structures.
